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WE CLAIM: 

1. A sputtering target made by a projbess including 
casting having a target surface with the fcjfllowing 
characteristics : 

a) substantially homogenous cqbposition at any 

location; 

b) substantial absence of porjbs, voids, inclusions 
and other casting defects; 

c) substantial absence of prfecipitates ; 

d) grain size less than about l^m; and 

e) substantially uniform stjructure and texture at 
any location . 

y Tsj / / 2. A sputtering target /accordii/g to claim 1 comprising 
^SKisA^ Ti, Cu, Ta, Ni, Mo, Au, /g, Pt. 

3. A sputtering target according to claim 1 comprising 
20 Al and about 0.5 wt.% Cu. 
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4 . A method for fabricating an article suitable for use 
as a sputtering targetXcomprising uhe steps of: 

a. providinq a cast ingot; 

b. homogeniz^g said ingot at time and temperature 
sufficient for redistribu^[!o^ of n^acrosegregations and 
microsegregations; and 

c. subjecting /s^^^d inj^ot to equal channel angular 
extrusion to refine grains thafei/n. 

5. A method according to fclaim 4 further comprising, 
after subjecting said ingot to 8q\al channel angular extrusion 
to refine grains therein, manufacturing same to produce a 
sputtering target . 
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6. A method adcording to claim 4 wherein said ingot is 
subject to 4 to 6 passes of equal channel angular extrusion. 

\ 

7. A method of making a sputtering target comprising 
the steps of: 

a. providing cast ingot with a length-to- 
diameter ratio up to 2; 

b. hot forging \said ingot with reductions and to a 
thickness sufficient for heajling and full elimination of case 
defects; 

c. subjecting sai\d hot forged product to equal 
channel extrusion; and 

d. manufacturing 'dVi^>o a sputtering target. 

8 . A method of f abricabing an article suitable for use 
as a sputtering target comprising the steps of: 

a. providing a cast iVigot; 

b. solutionizing heat \treating said cast ingot at 
temperature and time necessary to J^issolve all precipitates 
and particle bearing phases; and 

c- Equal channel angulalf extruding at temperature 
below aging temperatures. 

9. A method according to clairA 8 further comprising 
manufacturing to produce a sputtering! target . 
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10. A method according to claim 1^ including: 

a. homogenizing the ingot; 

b. hot forging of the ingotl" and 

c. Equal channel angular extruding forged billet. 
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11. A method according to claim 7 J^ncluding: 
a. hot forging the ingot; anc 
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billet. 



b. equal channel angular extruding the forget 



12. A method accordiAg to claim 10 further comprising 
producing a sputtering target. 

13. A method according \to claim 11 further comprising 
10 producing a sputtering targetl 
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14. A method according ta claim 1 further comprising a 
solutionizing heat treatment pri^or to equal channel angular 
extrusion . 



15. A method according t< 
water quenching after homogeni; 



rim 1 further comprising 



16. A method according to claim 7 including: 
20 a. heating the cast ingcAt before forging at a 

temperature and for a time sufficient for solutionizing; 

b. hot forging at a temperature above 
solutionizing temperature; and 

c. water quenching the forced billet immediately 
25 after forging. 

17. A method according to claim 4\including: 
a. cooling the ingot after homogenizing to a 

forging temperature above the solutionizing temperature; 
30 b. Hot forging at a temperatu\re above the 

solutionizing temperature; and 

c. water quenching the forged \billet immediately 
after forging step. 
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18. A method according to claims 4, 7 or 8 including 
aging after solutionizUng and water quenching at a temperature 

5 and for a time sufficient to produce fine precipitates with an 
average diameter of les\ than 0.5 //m. 

19. A billet for eqVial channel angular extrusion of 
targets fabricated from a \cast ingot of diameter do and length 

10 ho which has been forged imto a disc of diameter d^ and 

thickness h^ and from which \two segments from two opposite 
sides of forged billet to pAovide a billet width A have been 
removed in such a manner thait thickness H corresponds to the 
thickness of the billet for enual channel angular extrusion, 
the wide A corresponds to theVdimension of square billet for 
equal channel angular extrusiok/ and dimensions of the cast 
ingot and the forged billet ar^^ related by the formulae: 

D-1.18A 
d„\'h.-1.39.A2H 

20 

20. A method according to claims 4, 7 or 8 in which the 
step of equal channel angular extnusion is performed at a 
temperature below the temperature ^f static recrystallization 
and at a speed sufficient to provide uniform plastic flow, and 

25 for a number of passes and routes that provides dynamic 
recrystallization during processing . 



= N 15 



30 



21. A method according to claims 5, 9 or 13 including 
annealing after final target fabrication at the temperature 
which is equal to the temperature of th^ sputtered target 
surface during steady sputtering. 
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22. A method according to claim 13 Vn which annealing 
after final target fabrication is performed gradientally by 
exposing the sputtered target surface to the same heating 
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condition and exposingXan opposite target surface to the same 
cooling condition as unMer target sputtering during a 
sufficient time for steady annealing. 

\ 

23. A method accordi\ig to claim 22 in which gradient 
annealing of the target is performed directly in a sputtering 
machine at sputtering conditi^ons before starting a production 
run . 
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24. A method according td claims A, 7 or 8 in which the 
step of equal channel angular extrusion include a first 
extrusion with 1 to 5 passes int® different directions 
intermediate annealing at a low temperature and for a time 



sufficient to produce very fine p 
diameter less than about 0.1 fxm, 
sufficient number of passes to d 
recrystallized structure . 



ipitates of average 
(aiW a second extrusion with a 
bp a dynamically 



25. A method for controlling tekture of sputtering 
targets by a process according to claM 4 wherein the step of 
equal channel angular extrusion is performed by changing the 
number of passes and billet orientatiom between successive 
passes in a manner to produce a desired \final texture strength 
and orientation. 



26. A method for controlling texture of sputtering 
targets by a process according to claim 5 wherein the step of 
30 equal channel angular extrusion is performed by changing the 
number of passes and billet orientation between successive 
passes in a manner to produce a desired fina\L texture strength 
and orientation. 
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27. A method for controlling texture of sputtering 
targets by a process according to claim 8 wherein the step of 
5 equal channel angular Extrusion is performed by changing the 
number of passes and billet orientation between successive 
passes in a manner to produce a desired final texture strength 
and orientation. 

10 28. A method according to claim 25 including a 

preliminary processing pernormed before extrusion to produce 
strong original texture of tihe same orientation as of the 
desired final texture after ^qual channel angular extrusion. 
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29. A method according 



additional step of recovery an 

extrusion passes at temperatu2|e^'\below the temperature of 
static recrys t alii zat ion . 



claim 25 including the 
?aling performed between 



20 30. A method according to claim 25 including the 

additional step of recovery annealvLng after equal channel 
angular extrusion at temperatures B^elow the temperature of 
static recrys tallizat ion . 

25 31. A method according to claiin 25 including the 

additional step of recrystallization \annealing performed 
between extrusion passes at a temperature equal to the 
beginning temperature of static recrysijtallization . 

30 32. A method according to claim 2te including the 

additional step of annealing performed after the step of equal 
channel angular extrusion at a temperature equal to the 
beginning temperature of static recrystailization . 
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33. A method according to claim 25 including the 
additional step of recrystallization annealing performed 
between extrusion passes at temperature above the temperature 
of full static recrystallization. 
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34. A method accordingXto claim 25 including the 
additional step of recrystallVzation annealing performed after 
the step of equal channel angiila^ extrusion at temperatures 
above the temperature of f ull/ ^Esatic recrystallization . 
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35. A method according to claims 4, 7 or 8 wherein at 
least different types of thermal treatments are performed 
between extrusion passes and af ter\ the final step of equal 
channel angular extrusion. 
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36. A method according to claiAi 4, 7 or 8 further 
comprising a thermal treatment for control of grain size and 
distribution of second phase particlej 
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HIGH-STRENGTH SPUTTERING TARGETS AND METHOD OF MAKING SAME 

5 ABSTRACT OF THE INVENTION: 

Described is a high quality sputtering target and method 
of manufacture which involves application of equal channel 
angular extrusion. 
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